The catalytic reverse-flow reactor is efficient for autothermal treatment of lean mixtures. When the inlet concentration and composition are variable it is important to avoid catalyst overheating or reaction extinction; as on-line measurements may be extremely difficult and expensive, a soft-sensor, derived from non-linear high gain techniques, has been developed to estimate the inlet concentration and the reactor conversion from three temperatures measured. This observer has been demonstrated to give correct prediction both when extinction occurs and when various unknown pollutants are fed.
Introduction
Forced unsteady-state gas-solid catalytic reactors have been deeply investigated in the past, as it has been demonstrated that temperature and composition distributions, which cannot be obtained in any steady-state regime, can be obtained by means of forced variations of inlet parameters, as it has been showed by Matros and Bunimovich (1996) , thus improving both conversion and selectivity in a number of chemical processes. A simple technical solution to obtain forced unsteady-state conditions is the periodic reversal of the flow direction; this device is particularly efficient for the treatment of lean mixtures of waste gases as the reversal of the flow keeps the heat of reaction inside the bed and allows autothermal operation even when cold and lean mixtures are fed, thus reducing strongly the need for auxiliary fuel, except for start up (Matros and Bunimovich 1996; Eigenberger, 1992) .
In addition to the intrinsecally dynamic behaviour of the reverse-flow reactor (RFR), one must deal with unexpected external perturbations (feed concentration, composition and temperature) which may lead to reactor extinction (and thus pollutants emissions) or catalyst overheating (and thus subsequent deactivation). In order to avoid these problems it is necessary to implement some closed-loop control strategies based on the measurement of the inlet concentration (and composition) and the outlet conversion. The aim of this paper is to describe a model-based soft-sensor (observer) that quickly and reliably estimates the feed composition from some temperature measurements in the reactor, thus avoiding expensive hardware sensors and time consuming on-line measurements. The observer combines the knowledge of the physical system (model) with experimental data (some on-line measures) to provide on-line estimates of the sought states and/or parameters.
The model
A medium-scale RFR, as schematically shown in Figure 1 (Ramdani et al., 2001) , has been considered: the monolith is catalytically active in the core region, while is inert in both ending sections; an electric heater is installed in the middle region to maintain ignition, while fresh air is employed as an effective means of lowering the temperature in the catalytic section. Fast flow reversal is needed to keep high the temperature in the catalytic region. The wide square cross-section of the monoliths prevents heat losses over their whole length, while 6.8.2 heat losses through the reactor wall can occur in the central region. The combustion of xylene over a Pt/Al 2 O 3 has been considered.
Figure 1. Left: main geometrical characteristics of the RFR. Right: the countercurrent model
Deriving an observer from a detailed model accounting for heat losses through the reactor wall, finite flow reversal frequency, reaction kinetics is an overwhelming task; as a consequence a simplified model has been developed. By taking advantage of the high frequency of flow reversal, the analogy with the countercurrent reactor has been considered (Nieken and al., 1995) ; the method described by Balakotaiah and Dommeti (1999) has been used to derive the following pseudo-homogeneous energy balance equation:
where:
The mass fractions (ω) on the solid surface are evaluated by means of the mass balance equations for the gas and the solid, assuming first order kinetics and pseudo-steady state conditions for the catalyst. The correction for finite flow reversal frequency of Edouard et al. (2003) has been adopted. Figure 2 shows a comparison between the measured temperatures and the predictions obtained by means of a detailed (two phase) model and of a simplified homogeneous countercurrent model with and without correction for the finite frequency.
The model equations have been discretised according to a finite difference scheme, thus 
leading to the following system:
The observer which has been designed is able to estimate both the inlet concentration (∆T ad ) and k 0 /k D , in order to take into account both variations of the inlet concentration and changes in the feed composition (and subsequent variation of the kinetic parameters). An high gain observer has been emploied as it does not require the solution of any differential equation and its calibration is very simple, thus allowing to overcome the numerical difficulties in solving the dynamic Riccati equations in the Kalman filter based observers. The general equation of the observer is:
The measured variables are the temperature at the inlet of the inert and of the reactive monoliths and the temperature at the outlet of the upstream reactive monolith. The first and the last temperature are used to update the estimate of the temperatures in the upstream and in the downstream monolith. When the estimated conversion is equal to unit the reaction is under diffusive control and the system becomes linear. Thus a linear observer is used to estimate the inlet concentration from the second measured temperature; the gain K is evaluated according to Edouard et al. (2003) and Farza et al. (1998) . When the conversion starts decreasing the reaction becomes under kinetic control and a non-linear observer has been implemented (Hammouri and Farza, 2003) in order to evaluate the inlet concentration and the kinetic parameters.
Results.
The proposed observer has been validated by means of simulations; the complete model has been considered as a source of experimental data. Figure 3 (left) shows a comparison between the prediction of the observer and the simulated values of inlet concentration and outlet conversion in the case of xylene combustion; fast and accurate reponse without overshoot are obtained for both variables even when steep changes are considered. The prediction are reliable both when the conversion is equal to 1 and when the reaction is extinguishing; it is important to point out that when the reaction is extinguished the temperatures quickly moves down to the ambient value and the system is no longer observable. The same accuracy is obtained when different pollutants (with different concentration) are considered to be fed to the reactor as it is shown in Figure 3 (right) . A further test has been accomplished considering random changes in the frequency factor, activation energy and inlet composition of the reactor feed; this may simulate the change of the kinetic parameter due to catalyst fouling or deactivation. Also in this situation the estimations of the observer are closed to the correct values. 
Conclusions.
A non-linear high gain observer has been proposed to estimate the inlet concentration in a RFR. The observer is based on a simplified pseudo-homogeneous countercurrent model of the reactor and on three temperature measurements. Correct predictions of the inlet concentration and of the outlet conversion are obtained both when the reactor is fully ignited and when conversion decreases place and when the composition of the feed changes, thus avoiding expensive physical sensors and time consuming on-line measurements for control purposes. x 10 4
